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SIMMARY 




An Investigation of the static longitudinal stability, static directional 
stability, and aileron control characteristics at transonic and supersonic 

speeds is .being made of ^-scale rocket -propelled models of the Bell MX^77<5. 

A stability investigation has been made of biro symmetrical models with 
v ' controls undeflected and centers of gravity one-half and one-body di ame ter, 
respectively, ahead of the equivalent design canter-of -gravity location 
°f the full-scale version. Both models, developed!, large normal -force 
coefficients in both the subsonic and supersonic ranges which indicated 
longitudinal instability at low angles of attack. The side -force 
coefficients were small for both models and indicated that the' models were 
directionally stable. A possible tendency toward dynamic directional 
instability in the transonic region was Indicated by short -period 
oscillations of the side forces. 

The results showed a partial-span inboard aileron to be ineffective 
or to cause negative control in the transonic region when deflected 
approximately 5° but not when deflected 10°. An investigation of drag 
showed It to Increase with a rearward movement of the center of. gravity. 

This Indicates an increase in the trim angle of attack as could be caused 
by a decrease in static stability. 






UJTRaDUCTION 


* ) 


At the request of the Air Materiel ConmandL, Ara^r Air Forces, the 
Langley Pilotless Aircraft Research Division is coMuctlng tests 
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of ^-scale models of the Bell Mi-776 at the NACA Pilotless Aircraft 

Research Station, Wallops Island., Va. The purpose of these tests Is to 
investigate thp static longitudinal, stability, static directional, stability, 
i&i^aileroii control- characteristics of the MI-776* This paper covers the 
flights of sin models which were launched during a 3 -month period that 
ended lh September 19^8. Models 1 and 2 were Instrumented to measure 
ricuiual and transverse acceleration and were flown with 0° deflection of 
the'COntrol surfaces. Models 3, 4, 5, and 6 were instrumented to measure 
rolling velocity and were flown with ailerons deflected 0°, t. 7 0 , ip.0°, 
and 4.6°, respectively. 

"Seme drag data were obtained from all but one flight. The tests 
were conducted by means of free-flight techniques described in refer- 
ences 1 and.2. ; 
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• . . . V - . ■ SYMBOIS 

1 . . . ’ ■ ' * .# * ja| . • * ' % * 

;-'J*aeh number^;/,; () ;. 

Reynolds n^nber based on a body diameter (6. h73 ft) 

tip helix single, radians ' 

rolling VeI6clty, radians per sebond 

dimeter, of circle swept by wing tips (2.ofi2 ft). 

flight -path velocity feet per second 

dynamic pressure, pounds/square foot ^£2—^ 

density , slugs /cubic foot ft'"’’/., ‘ 

body frbntai area (O .1758 sq. ft) , . 

noiumi -force, coefficient • 


Normal -force 


side-force coefficient 


Side force 


B drag coefficient / | .. : 

' average aileron deflection measured in the free -stream direction, 
,• ''d^greas - - •; . * 1 

, wei^t 6f model, pounds ... • 
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a^ normal acceleration, feet per second per second 
ay.- • transverse acceleration j feet per second per second 
g acceleration due to gravity, feet per , second per second 

MODES AM). TESTS 
Models .• 

The g--scale models used for this Investigation were supplied by 

the MI -776 contractor. The fuselages vere constructed of balsa voodvith 
aluminum castings to serve as mounts for the metal wings and tails.. The; < . 
nose sections were made of plexlglas and contained a small radio transmitter. 

Figure 1 shows a three-view drawing of the model’. The pertinent 
general specifications are given in table I, and the model characteristics 
are given in table II. The areas given in figure I include wing areas 
. obtained by extendin g an leading and trailing edges to body center line. 

The center of gravity shown in figure 1 is the corresponding full-scale- 
design location. For the models covered by the present paper the centers 
of gravity were located forward of this point as indicated in table H. 
Photographs of one of the models are shown in figures 2 to 4. - 

, The models were propelled ty a two -stage rocket-propulsion system 
to a.Mach nxnnber of about l.J. The booster delivered 3100 pounds of 
thrust fof i .5 seconds, and the sustain®• ** motor developed 2000 pounds 
of thrust for 0.9 second. 


• • . ‘ • . Tests : ' 

The models were launched from a rail-type launcher (fig. 3) set at 
an elevation angle of approximately 60°, The flight-path velocity was 
generally obtained with a continuous -wave Doppler; velpclmeter radar 
unit. For the lower speed ranges of same; of the models, the velocity 
was calculated using drag data measured for the other models. Atmospheric 
data were obtained by the use of radiosondes. Models 1 and 2 were 
equipped with two -channel nose-type telemeters that transmitted Continuous 
signals of normal and transverse acceleration to two ground stations. 

These stations recorded the signals in the form' of time histories. The 
accelerations were measured relative to the center line, of the models . 

Time histories of the rolling velocity were obtained with splnsonde 
radio equipment for the four aileron-effectiveness models. A plot of 
Beynolds number against Mach number, shown in figure 5, indicates the 
scale of the tests.'. 
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REDUCTION OF DATA 


Mach n umb er vaa determined, "by use of radiosonde data and Doppler 
^^•Pdlght^path -velocity The values of normal and transverse accelerations 
obtained from the telemeter time histories for the deceleration phase 
of the flights were converted to coefficients "by the relationships 
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C«r as jj-Bu 

N . q.SFg 


Way 
^ " <lSpg 




The rates of roll from, the spinsonde time histories were, used to obtain 
tip helix angles as functions of Mach nuriber. The values of drag were 
obtained by the graphic differentiation of the curve off Doppler flight- 
path velocity against time. 


ACCURACY 


The accuracy of the tests ,1s estimated to be within the following 
limitsr’ ' ' • ... •. 

Cw ......... ±o . 065 

Cv . .. . . ..... . . . . . . . .. . . . . ... . ... . . . .;. *0.032 




. . . ... . . +0.001 

. . . i . . ±0.02 

. ; . . . . . ± 0.01 


The. calculated flight-path . velocities And corresponding Mach numbers 
sire estimated to be accurate to ±5 percent . 


RESULTS -AND DISCUSSION 




Stability 


, * > *:* t '’•j3|^”d^t(^otitainIe4''' , ffrc® the ifllght^of* model .i arc shown in figure 6 
Is • as variation of normal-force and side-force coefficients with Mach number. 

I. . Although the center of gravity of this model was one -half body diameter 




ahead of the design location rind all controls were neutral, the model 
developed large normal forces which at seme speeds exceeded the limit 
of the measuring instrument. The actual normal -force coefficients could 
be determined only for the Mach number ranges from O.76 to 0.95 
and 1.65 to 1.69. Inasmu ch as the normal acceleration exceeded the 
limits of the instrumentation in the Mach number range from 0.95 to I.65, 
no values f or - Cjj were obtained in this range, but the maximum value of 
normal acceleration for the instrumentation was used to indicate the 
minimum possible Cjj as shown by the dash part of the curve in figure 6. 

Model 2 was similar to model 1 with the exception of the center-of -gravity 
location which waB approximately one body diameter ahead of the design 
center of gravity. The data for model 2 are presented in figure 7- 
The values of C„ were smaller for model 2 than for model 1 for corresponding 

Mach numbers which indicated that model 2 was trimming at smaller angles 
of attack. Tor model 2 the change in sign of Cjj at a Mach number 
of approximately 0,925 indicates that the model was disturbed, and changed 
from a trim point at a positive angle of attack to one at a negative angle 
of attack. No force data were obtained in the Mach number range 
from 0^95 to 0.97 and is so indicated in figure 7 by dash lines. Unpublished 
supersonic wind-tunnel data showed a model with the center of gravity at 
the design location to be unstable at angles of attack near 0°, with trim 
points at approximately ±6° at a Mach number of 1.28 and ±4° at a Mach 
number of I.72. The values of Cy (figs. 6 and 7) were sufficiently small 
throughout the speed range of the tests to indicate static directional 
stability.- The fact that short -period, oscillation of the side forces 
occurred as the models decelerated through the transonic region indicates 
possible tendency towards dynamic directional instability in this region. 

" Aileron Effectiveness 

The results of the data obtained from the flights of models 3, 4, 5, 
and 6 are shown in figure 8 as plots of pb/2V against Mach number. 

Doppler flight-path velocity was obtained for a Mach number range 
from 1.26 to 1.48 for model 3, from 0.95 to 1.73 for model 4, and 
frciti l.l8 to 1.7& for model 5- Doppler flight-path velocity was not 
obtained fqr model 6. Tip helix angles were, derived for each model by 
using these velocities and the rolling Velocities obtained from the 
spinsonde records. These curves of pb/2Y ,vbre extended by using 
calculated flight-path velocities in conjunction! with the measured rolling 
velocities. The results from the test of a partial -span inboard aileron 
deflected 4.7° (model 4) showed that the rolling effectiveness decreased 
abruptly in the Mach number range from O.85 to 0.95- The direction of 
roll was reversed In the Mach number range between. 0.93 and I.07 and 
showed a gradual Increase in aileron rolling eff ectiveness up to a Mach 
number of 1.40. • The results of the test of the scune. aileron configuration 
...deflected 4.6° (model 6) showed the same general. characteristics except in 
the Mach number. range from O.93 to I.07. In this Mach number range modal 6 
showed an almost complete loss of aileron control but no actual control 
reversal. The results of the same aileron configuration deflected 10.0° 

(model 5) showed no reversal, but showed an abrupt decrease in rolling 






effectiveness in the Mach number range from 6.85 to 0.90 and a gradual 
decrease in rolling effectiveness up to the maximum Mach number tested 
'of 1.78. 



The exact drag of the configuration cannot be evaluated because of 
the erratic .flight caused by the instability of the models . The approximate 
drag data presented in figure 9 as variation of drag coefficients /with 
Mach number show , the more stable models (models 2 and 3 ) to have had 
less drag than the others and therefore must have been trimming at smaller 
angles, of attack, •’ ’ 

1. - V • doNCjjpKiiroj bsmaekb , 



The present MI-776 has a region of static longitudinal instability '• 
near 0° angle of attack. This region appears to be largest in the 
transonic range and to decrease with an increase in Mach number in the 
supersonic range. The configuration appeared to be statically stable 
directionally with the possibility of a tendency toward dynamic -.: 
directional Instability in the transonic range. Additional tests are 
planned for models iaodif led to improve the stability. . . 

Langley Aeronautical Laboratory , 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Ya; ' 




David H. Michal 

Aeronautical Be search Scientist 





.Chief of . Pilotless Aircraft Besearch Division -»• 
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TABLE II 



MODEL CHARACTERISTICS DURING THE TJNPOWIEZD 
K®TION. DP THE : FIIfiHT • 


[station nimbers correspond to distance 
in in . from point of nose"] 







Rear wetr. 


















Figure 4.— Aft horizontal wing with part ial-epan inboard aileron 







Figure 5.— Variation ;of Reynolds number with Mach number for the range of climatic conditions 

encountered during the tests. 
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Figure 7 • Variation, of normal-force coefficient and side— force coefficient with Mach number ; 

c.g. at station 32 . 9 ; 8 a = 0°; model 2, 




Figure 8.- Variation of tip helix angle with Mach number. 





c.g. at sta. 35.7; $, = 4.7* 
— L model 4 1_ 1 
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c.g. at sta. 35.7,- 8.‘0 
L model 1 I I 
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, ~c. g. at sta 33.9.- 8/ 0 

I nf|odel 3| 

c.g. at sta. 32.9.- &» 0 * 

-+- model 2 — A - 4 -—- 












